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Arrangement and method for analyzing body fluids 

Description 

5 The invention relates to an arrangement and to a method 
for cinalyzing body fluids. 

Before body fluid, such as blood serum or blood plasma, 
is analyzed, centrifuged samples of body fluid are 

10 examined as to whether they are *'good" , that is to say 
suitable for analysis, or whether they are discolored 
or cloudy because of contaminants or specific clinical 
pictures. This is the case, for example, when so called 
clots (conglomerations of solid components) are 

15 contained in the blood sample, or when the blood 
samples are hemolytic, lipemic or icteric. The 
detection is currently performed manually by visual 
inspection of the samples before the latter are further 
processed. This mode of procedure is time consuming and 

20 labor intensive and leads to errors in subsequent 
laboratory operation, and is attended by downtimes for 
analytic equipment cuid by time consuming reworking. 

It is the object of the invention to create an 
25 arrangement with the aid of which the quality of the 
body fluid to be analyzed and its quantity can be 
reliably determined. 

This is achieved according to the invention by 
providing an image recording device for determining the 
quality and the quantity of the body fluid and 
connecting it to an electronic image evaluation 
apparatus. The image recording device records an image 
of the body fluid to be analyzed. This image is 
evaluated by the image evaluation apparatus. A 
reliable, quick and automatic detearmination by machine 
of the quality and quantity of the body fluid to be 
analyzed is thereby possible. The apparatus according 
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to the invention and the method according to the 
invention permit a substcuitial automation and 
rationalization of the analysis of blood samples, and 
thus a svibstantial saving in time cuid cost. 

5 

Advantageous developments follow from the subclaims. 
The image recording device can be, for example, a 
photographic still camera, a color image camera, a 
video camera or a spectral camera. Other optical 
10 devices can, of course, also be used for recording 
images or image files. 

A particular advantageous development provides that the 
arrangement according to the invention is designed such 
that the body fluid is provided in a chamber with few 

15 optical reflections and, if possible, in a chamber with 
no optical reflections, said chamber being in a 
container, cuid that the image recording device is 
aligned with and focused on the container, which is in 
an analysis position. It is thereby possible to achieve 

20 recordings that are of particularly good quality, and 
so the automatic image evaluation is affected by error 
to the least possible extent. 

In this case, in its vertical alignment, the image 
25 recording device can be aligned with and focused on the 
container at an acute angle. It is possible in this way 
to avoid at least partially optical reflections that 
could falsify the result of analysis, and so it is 
possible to obtain an image of the body fluid that is 
3 0 as unfalsified and informative as possible. 

This aim can be supported by an illuminating device 
provided in the chamber - preferaJDly with no optical 
reflections - for the purpose of illiaminating the 
35 container containing the body fluid with as few 
reflections as possible. A number of refinements are 
conceivable here alternatively or cumulatively. 
Firstly, the illuminating device can preferably be 
arranged above the container, and this leads to a 
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reduction in the reflection via empirical trials. The 
arrangement and design of the illuminating device can 
also, for example, be provided such that arranged in 
each case on both sides of the container located in the 
5 analysis position is a lateral laitp, the arrangement 
being such that the mid points of the two lcut5)s and the 
mid point of the container lie on a straight line (A) , 
and that a further, middle lamp is provided and 
arranged in such a way that the mid points of this 

10 middle lamp and of the container likewise lie on a 
straight line (B) , which runs perpendicular to the line 
(A) . Furthermore, the lamps can be arranged such that 
they each have the same spacing from the container. 
This spacing can be, for example, sixty [60] 

15 millimeters in a concrete exemplary embodiment. 
Finally, the vertical height of the lateral lamps 
arranged on both sides of the container located in the 
analysis position can be of greater dimension than the 
vertical height of the middle lamp. In the concrete 

20 exemplary embodiment, the difference in height between 
the two lateral lait5)S and the middle lamp can be, for 
example, sixteen [16] millimeters. In a further 
embodiment, a scanner can be provided that is aligned 
with the container located in the analysis position. 

25 This scanner is preferably a bar code scanner and 
advcintageously permits the edges of a label located on 
the container to be detected. The bar code on the label 
is read at the same time, thus permitting the sample to 
be uniquely identified. The container can thereby 

3 0 subsequently be brought into an analysis position in a 
particularly simple way by means of control software 
that controls the movement, for example, of a lifting 
rotary gripper, in which position the label is situated 
on the side of the container averted from the image 

35 recording device. 



In addition, in order to maslc out the bar code it is 
possible to provide an antiref lection plate that is 
arranged on the side of the container turned away from 
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the image recording device. In this case, the 
antiref lection plate is preferably provided with a 
white surface and can have a concave depression adapted 
to the peripheral shape of the container, in order to 
5 adapt the contour to that of the container and to mask 
out the bar code as completely as possible. In this 
way, the images of the body fluid recorded by the image 
recording device are, in a particularly advantageous 
way, incapable of being falsified by the bar code, 
10 since the bar code is masked out by the antiref lection 
plate. If appropriate, in order to avoid additional 
reflections, the depression can merge with the aid of 
roxinded-off portions into in each case a flat surface 
of the antiref lection plate, and the surfaces can end 
15 in each case in a sharp-edged vertical edge that serve 
as measuring edges. 

The container is preferably moved by means of a lifting 
rotary gripper. In order to create space therefor, the 
antiref lection plate is arrsmged such that it can be 
moved away from the container from a position bearing 
against the container in the direction of the optical 
axis of the image recording device, and such that it 
can be moved up to the container again. The handling 
apparatus itself, that is to say, for example, the 
lifting rotary gripper, is provided for conveying a 
container from a transport position into its analysis 
position. Depending on the arrangement of the label, 
the handling apparatus rotates the container into a 
position in which the image recording device can 
produce a correct image of the body fluid located in 
the container. 

In this case, the image recording device can produce at 
35 least one image of the body fluid that is analyzed by 
mecuis of image processing software. Depending on what 
is required, one or more detailed images are produced 
that are combined to form an overall image by means of 
the image processing software. 
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The further features and advantages are to be gathered 
from the description of an exemplary embodiment of the 
invention illustrated in the following drawings and 
5 from the further subclaims. In the drawings: 

figure 1 shows the analysis device according to the 
invention in a front view, in a schematic 
illustration that is not true to scale; 

10 

figure 2 shows the arrangement according to the 
invention for analyzing body fluid, in a plan 
view in a schematic illustration that is not 
true to scale; 

15 

figure 3 shows the arrangement in accordance with 
figure 2 in the direction of view R with a 
container located in the transport position, 
in a schematic illustration that is not true 
20 to scale; 



figure 4 shows the arrangement in accordance with 
figure 2 in the direction of view R with a 
container located in the analysis position, 
25 in a schematic illustration that is not true 

to scale; 



figure 5 shows the arrangement in accordance with 
figure 2 with an illuminating device in a 
3 0 plan view, in a schematic illustration that 

is not true to scale; 

figure 6 shows the arrangement in accordance with 
figure 5 in the direction of view S, in a 
35 schematic illustration that is not true to 

scale ; 

figure 7 shows a container used with the arrangement 
according to the invention; and 
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figure 8 shows an illustration of a detail of an 

ant iref lection plate in plan view, in a 

schematic illustration that is not true to 
5 scale. 



Figure 1 illustrates the whole of a device 10 for 
analyzing body fluid. In essence, the device 10 
comprises a cabinet 11 for holding a control computer 

10 12 operated by control software, and for holding an 
image processing computer 13 operated by image 
processing software. The data determined by the 
computers 12 and 13 are displayed on a computer display 
screen 14. Arranged on the cabinet 11 is a housing 15 

15 that surroxinds a chamber 16 with no optical 
reflections. 



A transport track 17 for feeding into the housing 15 
containers 20 containing body fluid 21 located in racks 

20 18 is provided on one side of the housing 15. On the 
side of the housing 15 opposite the transport track 17, 
a transport track 19 is provided for carrying off 
containers 20 with analyzed body fluid 21. The body 
fluid 21 to be analyzed can be blood serum, blood 

25 plasma or the like. 



Figure 2 shows a plan view of the open housing 15. The 
transport tracks 17 and 19 are connected to one another 
by a transversely running transport track 23 . The 
3 0 containers 20 located in the racks 18 are brought one 
after another into an cinalysis position 22 on the 
transport track 23 . 



The cuialysis position is fed containers 20 with 
35 centrifuged body fluid 21 such that, as illustrated in 
figure 7, the body fluid 21, for excunple blood serum, 
is located in the upper region of the container 20, a 
separating means 25 is located in the middle region, 
and a blood clot 26 is located in the lower region. The 
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container 20 is sealed with a cap 24. Affixed in the 
region of the body fluid 21 is a label 27 whose 
mutually opposite end edges 28 have a mutual spacing of 
at least 6 . 5 millimeters that permits a window 52 for a 
5 free view of the body fluid 21. 

The chamber 16, which has few and, if possible, no 
optical reflections is equipped, for example, with 
inner walls having matt black surfaces. An image 

10 recording device 30 and a scanner 29 are accommodated 
in the chamber 16, which has few and, if possible, no 
optical reflections, the image recording device 30 
being aligned with and focused on the container 20 
containing the body fluid 21, while the scanner 29 is 

15 aligned with and focused on the label 27. 

The image recording device 30 can also be arranged 
outside the chainber 16, although then a lightproof 
opening 31 for the passage of the objective 32 of the 

20 image recording device 30 is formed in a wall 33 of the 
chamber 16 (as shown in figures 3, 4 and 5). The image 
recording device 3 0 can be a still camera, a color 
image camera, a video caunera, a spectral camera or the 
like. A color image camera, for excunple a 3CCD video 

25 Ccunera, is preferred. Depending on the geometry of the 
arrangement according to the invention, the settings of 
the color camera, such as focusing, white balance, 
diaphragm setting, filling- in, can be permanently 
preset. However, they can also be readjusted with the 

3 0 aid of the image evaluation software when the data 
reported by the image evaluation software to the 
control software (see further below on this point) are 
of reduced qpiality with reference to the reference data 
stored in the computer 13 . The connection between the 

35 image recording device 30, for example such a 3CCD 
video camera, and the image evaluation computer 13 
necessitates a conversion of the color signal produced 
by the image recording device 30 in the form of an 
analog voltage signal into a digital value that can be 
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processed by the computer 13 . This can be performed, 
for excunple, via a so called framegrabber or firewire, 
known per se. These devices can also be integrated in 
the image recording device 30 such that the latter can 
5 be connected directly to the computer 13 . 

The image recording device 30 is fastened on an 
adjustable frame 34, and it is inclined with its 
optical axis 54 in its vertical alignment by a variable 
10 acute angle a of preferably 5 degrees of angle with 
reference to the perpendicularly arranged container 20. 
The cylindrical container 20 and/or the body fluid 21 
located therein can be recorded with comparatively few 
optical reflections with the aid of this measure. 

15 

Here, the optical axis 54 of the image recording device 
30 riins in a vertical plane that lies perpendicular to 
the line A, the line B lying in this vertical plane. 

20 Arrcuiged above and in the middle relative to the 
analysis position 22 is a lifting rotary gripper 35 
whose hydraulic drive is controlled by the control 
computer 12. The lifting rotary gripper 35 grips a 
container 20 located in the rack 18 and lifts it into 

25 the analysis position 22 and lowers it back into the 
rack 18 after recording by the image recording device 
30. 

During a recording by the image recording device, an 
3 0 antiref lection plate 36 that can be moved to and fro 
horizontally lies on the side averted from said device, 
in order during recording to mask out the characters, 
such as a bar code, for excunple, printed on the label, 

35 Before an analyzed container 20 is lowered by the 
lifting rotary gripper 35, the antiref lection plate 36 
is moved away on guide bolts 44 from the container 20 
in order to make room for the lifting rotary gripper 
35. 
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A plan view of the antiref lection plate 36 is 
illustrated in figure 8. It is provided with a white, 
preferably dirt-repellant surface that is turned toward 
5 the container 20 and in which there is recessed a 
concave depression 37 adapted to the outer shape of the 
container 20. This depression 37 merges into flat 
surfaces 40 and 41 on both sides via rounded- off 
portions 38 and 39. The flat surfaces end in vertically 
10 arranged sharp edges 42 and 43 that serve as measuring 
edges. 15 to 50%, preferably 20 to 25% of the container 
2 0 can be covered by the antiref lection plate 36, such 
that labels of different size and shape can be masked 
out reliably. 

15 

Finally, provided in the chamber 16, which has few, and 
if possible no optical reflections, is an illuminating 
device 45 that, during the process of analyzing a 
container 20 filled with body fluid, illuminates with 
20 as few reflections as possible said container, and the 
body fluid 21 contained therein. 

An extensive empirical determination has shown that the 
arrangement of lamps described below results in an 
25 illximination that has comparatively few reflections. 

The illuminating device 45 is arranged above a 
container 20 located in the analysis position 22, and 
comprises three lamps 46, 47 and 48. 

30 

In this case, arranged in each case on both sides of 
the container 20 located in the analysis position 22 is 
a lateral lamp 46 and 47, the arrangement being such 
that the mid points 49 and 50 of the two lamps 46 and 
35 47 and the mid point 51 of the container 20 lie on a 
straight line A, and that a further, middle Isunp 48 is 
provided in such a way that the mid points 53 and 51 of 
this middle lamp 48 and of the container 20 likewise 
lie on a straight line B, which rxins perpendicular to 
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the line A. 

In addition, the three lamps 46, 47 and 48 have the 
same horizontal spacing from the container 22 located 
5 in the analysis position, which is sixty millimeters in 
the exemplary embodiment, for example. Furthermore, the 
vertical height of the lateral lamps 46 and 47 arranged 
on both sides of the container 20 located in the 
analysis position 22 is of greater dimension than the 
10 vertical height of the middle lamp 48. This difference 
is sixteen millimeters in the exemplary embodiment. 

The mode of operation of the arramgement according to 
the invention is as follows: 

15 

Once a rack 18 filled with containers 20 has reached 
the analysis position with its first container 20, the 
image recording device 30 is used to determine the 
shape of the cap 24 sealing the container 20, and thus 
20 to determine the manufacturer and the dimensions of the 
container 20. 

Then the lifting rotary gripper 45 lifts the container 
20 on the basis of the dimensions determined into the 

25 suitable analysis position 22, rotates the container on 
the basis of the end edges 28 of the label 27 
determined by the scanner 29 into a position ready for 
recording in which the window 52 is turned toward the 
image recording device 30. At the same time as the 

3 0 image recording device 3 0 is making one or more 
recordings of the body fluid 21, the shape of the cap 
24 of the subsec[uent container is detected. The 
container 20 with the analyzed body fluid 21 is lowered 
again into the rack 18, the rack 18 is conveyed up to 

35 the s\ibsequent container 20, and the latter is then 
gripped by the lifting rotary gripper 45 at the cap 24, 
moved into the analysis position 22 and aligned ready 
for recording. 
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In order to determine the quantity of the body fluid 21 
located in the container 20, the image recording device 
30 is used to determine the separating surface 55 
between the surface of the body fluid 21 and air, and 
5 the separating surface 56 between the body fluid 21 and 
the separating means 25. Subsequently, the quantity of 
the body fluid located in the container 20 is 
calculated taking account of the diameter of the 
container by means of the image processing software on 
10 the basis of the data obtained. 



